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ABSTRACT
Background:
The incidence of perforated peptic ulcers has decreased during the last decades but 
the optimal treatment for these patients remains controversial. At the same time, a 
laparoscopic approach to this condition has been adopted by an increased number of 
surgeons. 
Therefore, this study wants to evaluate the postoperative results of the laparoscopic 
treatment of perforated peptic ulcer performed in one Italian center with extensive 
experience in laparoscopic surgery.
Methods: 
This retrospective study includes 94 patients who were operated for perforated peptic 
ulcer peritonitis at “St. Orsola Hospital - Emergency Surgery Unit - University of 
Bologna” from May 2014 to December 2019. The patients’ charts were reviewed for 
demographics, surgical procedure, complications, and short-term outcomes.
Results:
The diagnosis was made clinically and confi rmed by the presence of gas under 
diaphragm on abdominal X-ray. All patients underwent primary suture repair with or 
without omentopexy. Boey score 0 or 1 was found in 66 (70%) patients, Boey 2 or 3 in 
28 (30%) patients. The operative time was between 35 and 255 minutes, with a mean 
of 93 minutes. The overall median hospital stay was 9.5 (1-60) days. Post-operative 
complications occurred in 19 (20%) patients and 18 (19%) patients died.
Conclusions: 
Perforated peptic ulcer is a severe condition that requires early hospital admission and 
immediate surgery. Laparoscopy in experienced centers and for selected patients is safe, 
associated with optimal outcomes and should be the preferred approach.
Keywords:
peptic ulcer, gastric perforation, peritonitis, laparoscopy, minimally invasive surgery, 
emergency surgery.
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Background:
Treatment outcomes for peptic ulcer disease (PUD) 
have been substantially improved over the past few 
decades, À rst of all in the 1970s with the introduction 
of H2-blockers followed by proton pump inhibitors in 
the 1980s and the introduction of antibacterial therapy 
to eradicate Helicobacter pylori, leading to a decrease in 
elective surgical procedures for this disease[1]. 
However, there are discordant results in the literature, 
while the Scandinavian groups[2, 3] reported a reduced 
incidence of perforated peptic ulcer due to these 
treatments, several studies reported no change or even 
an increase in the incidence of perforated peptic ulcer[4, 
5].
Improved medical management of PUD has virtually 
eradicated the need for acid-reducing surgery, such 
as proximal selective vagotomy, gastric resection 
and surgery performed for benign gastric outlet 
obstruction[6, 7]. 
However gastric or duodenal perforation remains a 
life threatening complication of PUD; it is one of the 
commonest causes of emergency hospitalization and 
surgery in PUD and develops in 2-14% of patients[8, 9].
Most authors consider perforated gastric and duodenal 
ulcer as a single disease entity. However, Hodnett et 
al.[10] reported that perforated gastric ulcer has a higher 
morbidity and mortality than perforated duodenal 
ulcer. Moreover, perforated gastric ulcer is more 
commonly associated with older patients, larger ulcer 
size, and more severe intraperitoneal contamination 
than duodenal one[11, 12].
Although predominantly benign nature of peptic ulcer, 
underlying gastric cancer can occasionally present with 
perforation, as reported in over 13% of patients in one 
series[13].
The incidence of perforated peptic ulcer is approximately 
7-10 per 10.000 population per year[5, 14]. An estimated 
2% to 10% of patients with PUD will present with 
perforation of the stomach or the duodenum in their 
lifetimes, with a high risk for mortality in the elderly[15, 
16]. Acute perforations of the duodenum are estimated 
to occur in 2–10% of patients with PUD[17, 18]. 
In addition, most patients with a perforated peptic ulcer 
are elderly with considerable comorbidity[19], among 
those patients a higher mortality rate (up to 25%) and a 
morbidity rate of up to 50% have been reported, even in 
recent studies[20-22]. In particular, for patient ≥ 60 years, 
the incidence increased over 10-fold, and mortality more 
than 50-fold, compared to younger ages[17, 23]. Overall 
prevalence of perforation is about 5% with mortality 
ranging from 8.5% to 25%[9, 24].
Consequently, perforated peptic ulcer remains a 
frequent challenge to surgeons and optimal treatment 
strategies are needed. 
The aim of this study is to analyze the post-operative 
outcomes of our series from a single center comparing 
open and laparoscopic repair.
Methods:
Study design
The present study was designed as a retrospective 
cohort evaluation. All data, patient demographics 
and outcomes were identiÀ ed from a prospectively 
maintained database established at “St. Orsola Hospital 
- Emergency Surgery Unit - University of Bologna”. 
Data were collected between May 2014 to December 
2019 and included 109 patients with diagnosis of 
PUD. The diagnostic criteria were as follows: (1) 
pneumoperitoneum detected by abdominal x-ray and/
or abdominal computed tomography performed at the 
Emergency Room, and/or (2) gastric or duodenal ulcer 
conÀ rmed by the endoscopy before the initial treatment or 
during the emergency surgical procedure. Preoperative 
endoscopy or intraoperative frozen sectioning was not 
routinely performed because of the emergency setting. 
Patients who underwent gastrectomy were excluded 
from the study, enrolling only those who underwent 
laparoscopic and open repairs. Overall, 94 patients were 
enrolled.
A retrospective analysis of preoperative, operative, 
and postoperative data was performed. Collected data 
included patient’s demographics, clinical characteristics, 
operative details, and post-operative outcomes. Patients 
were divided into two groups to investigate the effect 
of the surgical approach: 53 patients in the laparoscopic 
group (LG), 41 patients in the open group (OG). 
Data collection
Details of age, sex, history of PUD, ulcerogenic drugs 
(including non-steroidal anti-inÁ ammatory drugs 
NSAIDs, systemic steroids, and low-dose aspirin) taken 
within 2 weeks before presentation, comorbidities 
(including cardiopulmonary disease, diabetes mellitus, 
and renal insufÀ ciency) requiring treatment, American 
Society of Anesthesiologists (ASA) classiÀ cation, 
were recorded. For each patient, the Boey score was 
retrospectively calculated for assessing the postoperative 
risks[25]. The score is calculated based on 3 factors: the 
presence of major medical illness, shock at the time of 
admission, estimated onset of perforation >24h. Of note, 
in the original paper of this score, level 3 had a 100% 
mortality. 
Post-operative complications and 30-days postoperative 
outcomes were recorded prospectively. Follow-
up was based on inpatient and outpatient data. 
Postoperative complications were classiÀ ed according 
to the Dindo–Clavien classiÀ cation[26]. According to 
the aforementioned classiÀ cation, Grade I includes 
minor complications that do not require any 
intervention and that can be treated with routine 
medications like antipyretics, analgesics, diuretics, 
or physiotherapy; Grade II includes conditions that 
require major pharmacological intervention, like 
respiratory infections, ascites, blood transfusions, and 
asymptomatic pulmonary embolism; Grade III includes 
any complication requiring a surgical, endoscopic, or 
radiological intervention, like a respiratory infection 
requiring bronchoscopy, a pleural effusion requiring 
drainage, ascites or an abdominal collection requiring 
percutaneous drainage, and reoperation for abdominal 
collection, bleeding, or other reasons; Grade IV includes 
patients with life-threatening complications requiring 
Intensive Care Unit; Grade V includes death in the 
postoperative period.
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Statistical analysis
Results are expressed as median (range) unless otherwise 
stated. Comparisons between categorical variables were 
determined using the chi-square or Fisher’s exact test, as 
appropriate. Continuous variables were assessed with 
the Mann–Whitney U-test. Logistic backward regression 
was undertaken to determine factors independently 
associated with mortality, morbidity and discharge at 
home including all factors where the P-value was less 
than 0.05 on univariate analysis. A statistical software 
package (SPSS Version XX.0; IBM Co, Armonk, NY, 
USA) was used for the analysis, with p < 0.05 considered 
statistically signiÀ cant.
Results:
Ninety-four patients met inclusion criteria. Preoperative 
characteristics, surgical procedures and postoperative 
outcomes of the patients included in this study are listed 
in Table 1, Table 2, Table 3.
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Table 1: Pre-operative characteristics of patients.
CRF: chronic renal failure; COPD: chronic obstructive pulmonary disease; CRP: c-reactive protein; WBC: white blood cell count. 
Values in parentheses are percentages unless indicated otherwise; *values are mean±SD.
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Table 2: Surgical and peri-operative characteristics of population.
NG: nasogastric. Values in parentheses are percentages unless indicated otherwise; *values are mean±SD.
Table 3: Postoperative outcomes.
Values in parentheses are percentages unless indicated otherwise; *values are mean±SD.
Table 4: Logistic regression model exploring the relationship between two group and complications, in-hospital mortality and 30-
day mortality.
The adjusted model accounts for the possible impact of the co-variables: age <80 years, Boey Score 2-3, presence of cardio-vascular 
disease, presence of CRF, presence of COPD, presence of Diabetes, ASA score 3 or 4. Laparoscopic procedure and grade of cholecystitis. 
Patients of Laparoscopic Group represented the reference group.
www.journalofgastricsurgery.com
Clinical data  
The average age of two groups ranged from 51.9 years in 
LG to 72.8 years in OG (p<0.01). When comparing two 
groups, the gender distribution was not signiÀ cantly 
different (p=0.39), male patient was more frequent in LG 
with 66% percentage.
The overall comorbidity rate differed signiÀ cantly 
between the two groups (p<0.01): in particular the 
distribution of cardio-vascular risk factor, diabetes, 
chronic renal failure (CRF) and chronic obstructive 
pulmonary disease were more frequent in OG. Not 
surprisingly, ASA classiÀ cation differed signiÀ cantly 
(p<0.01) between the groups.
The two groups did not present signiÀ cant differences 
in terms of previous abdominal surgery, history of 
previous peptic ulcer disease, cigarette smoking, abuse 
of Alcohol and use of non-steroidal anti-inÁ ammatory 
drugs (NSAIDs) (p=NS).
Blood tests and radiological investigation were 
performed at the admission in Emergency Department 
in every patient, and were summarized in Table 1. 
Seventy-eight percent of patient had clinical signs of 
peritonitis at presentation. The abdomen x-ray depicted 
free air in abdomen in 41 patients (44%), a CT scan after 
a negative radiography was required in 39 patients. In 
3 patients the diagnosis of PUD was made during an 
endoscopy performed on suspicion of gastrointestinal 
bleeding.
Intraoperative and perioperative data
The overall median operative time was 92.9±34.4 [35-255] 
minutes, no signiÀ cant difference was shown between 
the two groups (p=0.90). In all cases warm saline was 
used for intraoperative peritoneal lavage until clear 
Á uid was obtained and the overall average amount of it 
was 1798.8±1213.9 ml.
The reintroduction of oral diet varied across the groups 
and was dependent on the À rst bowel movement and 
the severity of peritonitis. The naso-gastric tube and 
surgical drainage were removed earlier in the LG than 
OG with statistically signiÀ cant differences (p<0.01).
Postoperative data
Eighteen patients (19.1%) died in hospital after surgery: 2 
in LG and 16 in OG, respectively (p=<0.01). In particular, 
15 patients had a Boey score 2 and one patient had a 
Boey score 3. Among these patients, in two cases the 
death occurred after a re-operation; in one patient due 
to a gastric suture leakage, in the other one due to an 
evisceration. 
Post-operative complications occurred in 19 patients 
(20%) of our study cohort. In particular, mild 
complications (Clavien grade I-II) were more prevalent 
than severe complications (Clavien grade III-IV). 
However, no signiÀ cant differences were recorded 
between the two groups. Five patients had a re-
operation. In two patients the reoperation was due to a 
gastric suture leakage, in the remaining three cases due 
to an evisceration.
The overall median hospital stay was 9.49±8.72 [1-
60] days and was signiÀ cantly affected by surgical 
procedure; not surprisingly the median hospital stay 
was longer in OG compared to LG, with a difference of 
about 7 days (p<0.01). 
The impact of laparoscopic procedure on the overall 
occurrence of complications, postoperative death 
and discharge at home in relation to other variables 
considered in the logistic regression model is shown in 
Table 4.
Mortality showed to be more favourable in LG in the 
unadjusted model. However, after adjusting for co-
variables, this difference was not found to be statistically 
signiÀ cant.
Discussion:
The À rst recorded description of a peptic ulcer 
perforation was by the Princess Anne Henriette of 
England, the daughter of King Charles I of England and 
Princess Marie Henriette of France[27]. 
Since that description, peptic perforation was a serious 
complication of PUD affected by worse outcome. The 
overall mortality due to perforation peritonitis ranges 
between 6% and 27%. One of the most important factors 
responsible for mortality is septicemia[28].
Perforated peptic ulcer can mimic acute cholecystitis, 
acute pancreatitis, or appendicitis when gastroduodenal 
contents spread out causing pain in abdomen[29].
The perforation leads to chemical peritonitis, with or 
without contamination with micro-organisms. Spillage 
of gastroduodenal contents is usually diffuse but may 
be localized in the upper abdomen. After 6 to 12 hours 
many patients may obtain some spontaneous relief of 
the pain due to dilution of the irritating gastroduodenal 
contents by the ensuing peritoneal exudate. The intra-
abdominal infection appears after 12 to 24 hours[30].
DeÀ nitive surgical procedures have been routinely 
performed for decades in Japan, other Asian countries, 
and Eastern Europe; nowadays, non-deÀ nitive surgical 
procedures like simple closure with or without 
omentoplasty and drainage are the most popular in case 
of perforation[31]. 
Notwithstanding aggressive surgical procedures such 
as gastric disconnection, antrectomy, gastrostomy, 
lateral duodenostomy and feeding jejunostomy with 
restoration of intestinal continuity were described in 
literature; nowadays the surgical options are suture of 
the perforation with or without omentoplasty[32].
However, it is controversial whether laparoscopic 
approach or conventional open surgery should be 
chosen.
In literature, negative factors for the laparoscopic 
approach are shock at the diagnosis, delayed presentation 
(> 24 h), confounding medical conditions, age > 70 
years, ASA (American Society of Anesthesiologists) 
score 3–4 and Boey score of ≥ 2, ulcer location or large 
perforation size (> 6–10 mm). The most accepted but 
discussed contraindication is signs of shock due to 
the negative impact of increase duration of surgery 
and negative inÁ uence of pneumoperitoneum on 
renal function[33]. For the laparoscopic approach the 
concern is the CO2 pneumoperitoneum who leads to 
increased intra-abdominal pressure intraoperatively: it 
is related to growing risk of bacteremia and sepsis due 
to the increased chance of bacterial translocation from 
peritoneal cavity into the bloodstream, increasing the 
occurrence of pneumonia in patients selected for this 
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approach[34].
In our cohort of patients, the OG presented more fragile 
patients with more severe ASA score and a greater 
number of Boey 2-3 than the LG.
The most common cause of conversion to open surgery 
was an inability to repair the ulcer due to either technical 
difÀ culties or size of perforation. The conversion rates 
are directly inÁ uenced by the laparoscopic skills and 
experience of the surgeon. In the literature it ranges 
between 2.6% to 7.7%[35].
Overall complications rate in our series was 20% which 
is comparable to other reports[36, 37].
A recent study by Teoh et al.[38] found that a laparoscopic 
approach in high-risk patients was not associated with 
increased morbidity and mortality when compared to 
an open approach, particularly if the ASA grading was 
below 3. 
A Cochrane meta-analysis[32] showed a trend in reducing 
intra-abdominal septic complications, wound infections, 
postoperative ileus, pulmonary complications, and 
mortality with laparoscopy. 
A previous meta-analysis by Lau[39] showed a lower 
incidence of post-operative complications in the 
laparoscopic group but even a higher rate of reoperation. 
In our cohort of patients, there were 5 reoperations in the 
2 groups. One patient in the LG and 4 patients in the OG, 
respectively (p=0.16).
The main limitation of the present study is the relatively 
low sample of patients. However, all our data were 
prospectively collected, and all surgical procedures 
were performed by the same group of surgeons.
Conclusion:
Gastric perforation is a severe complication of PUD. 
Early diagnosis and surgical treatment are mandatory 
to avoid peritonitis progression with consequent high 
mortality risk. Laparoscopy is a valid alternative to 
open surgery in selected patients and in centers with 
experience in minimally invasive surgery.
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